was not significant (21.4 vs. 10.5%). Conclusion: Our data showed that serum lipase levels were higher in patients with chronic dyspepsia of unknown than in those with a known cause. We therefore speculate that mild functional pancreatic disorder may underlie some cases with unexplainable chronic dyspepsia.
Introduction
Dyspepsia, defined as pain or discomfort centered in the upper abdomen, is common in the general population, accounting for 2-8% [1, 2] of consultations with general practitioners. There are several causes of dyspepsia, including motility disturbances [3] , abnormal visceral sensitivity [4] and hormonal changes [5] . However, in most cases the cause is unknown. Some studies have documented abnormal pancreatic function in patients with dyspepsia. The exocrine pancreatic function, assessed on the basis of lowered duodenal concentrations of lipase and amylase after a high-fat test meal, was abnormal in about one third of patients with dyspepsia [6, 7] , and lowered tryptic activity was seen in one third of patients with endoscopically confirmed non-ulcer dyspepsia unrelated to alcohol intake [8] . In primary care, abnormally low pancreatic enzyme levels were observed in 20% of dyspepsia patients [9] . Another study showed that the prevalence of endosonographic pancreatic abnormalities was higher in patients with dyspepsia than in control subjects, concluding that dyspepsia may be an atypical presentation of occult mild chronic pancreatitis [10] .
Functional dyspepsia is defined as the presence of dyspepsia symptoms in the absence of any organic, systemic or metabolic disease that is likely to explain the symptoms [11] . The recommended treatments for functional dyspepsia are a low-fat diet [12] , H2 blockers and proton pump inhibitors [13] , and sometimes pancreatic enzyme supplements [14] . These treatments are the same as those for chronic pancreatitis [15, 16] .
We hypothesized that among patients with chronic dyspepsia of unknown cause in a general practice, some have a mild functional pancreatic disorder resulting in elevated lipase and/or pancreatic isoamylase (p-amylase) levels.
Subjects and Methods

Study Subjects
Initially, 300 subjects (144 males and 156 females, aged 14-94 years) were included, who underwent an abdominal ultrasound (US) and pancreatic serum enzyme testing (lipase and/or p-amylase) between July 2006 and June 2007 at the Okada Medical Clinic, a general practice in an urban area of Nagoya in central Japan.
Their medical records were examined retrospectively. Among these subjects, 28 were excluded: 14 underwent only pelvic US; 2 had serum creatinine levels of more than 2.0 mg/dl; 2 were suspected of alcohol abuse; 2 had lipase or p-amylase levels of more than 100 U/l (1 patient was diagnosed with a possible acute pancreatitis and another with pancreatic cancer), and 8 asymptomatic patients were examined by US because of high lipase levels from their known pancreatic or biliary diseases. So, 272 subjects (125 males and 147 females, aged 14-89 years) were included in this study. None of these patients were receiving nonsteroidal anti-inflammatory drugs, or medications such as thiazides, cholinergic agonists or narcotics which may elevate serum lipase and p-amylase levels.
In those 272 patients, 180 showed symptoms of chronic dyspepsia; dyspepsia was defined as pain or discomfort centered in the upper abdomen, and excluded reflux symptoms according to the Rome criteria [11] , and chronic dyspepsia was defined as the presence of dyspepsia for more than 1 month before undergoing abdominal US. Patients with no dyspepsia or symptoms of acute dyspepsia constituted the other groups. Among those with chronic dyspepsia, 30 comprised the gallstone group: patients with gallstones or a history of cholecystectomy and whose lipase or p-amylase levels could be elevated because of biliary congestion. Finally, 150 patients were divided into two groups: the 'known-cause group' consisted of patients in whom the dyspepsia symptoms were clarified by abnormalities seen on US, abdominal computed tomography (CT) or other diagnostic procedures, and the 'unknown-cause group' included patients with dyspepsia in whom no abnormalities were found ( fig. 1 ) .
Data Collection
In all study subjects the presence and duration of dyspepsia, as well as the history of cholecystectomy, were retrospectively ob- tained from medical records. The presence of gallstones, the diameter of the main pancreatic duct (MPD, dilatation defined as more than 2 mm), and the diameter of the common bile duct (CBD, dilatation defined as more than 10 mm), were obtained by abdominal US examination. The presence of fatty liver and degenerative pancreatic changes, like calcifications and atrophic changes, were determined by abdominal CT which was analyzed by radiologists. Upper gastrointestinal endoscopy or upper gastrointestinal tract imaging was performed by gastroenterologists depending on the patient's symptoms (for example, alarm symptoms such as fever, bleeding, anemia, or weight loss [11] ). Serum lipase and p-amylase levels were determined by the colorimetric method and the immunoinhibition method (Lipase Color and AMY EPS; Roche Diagnostics, Tokyo, Japan) [17] , respectively, on the day of abdominal US examination after a minimum 8-hour overnight fast. Levels above the reference range (higher than 50 U/l) were defined as high lipase and high p-amylase. Other biochemical tests, including measurements of the levels of serum LDL and HDL cholesterols, triglyceride, uric acid, creatinine and iron, were also performed on the same day. Patients receiving blood pressure-lowering drugs, glucose-lowering drugs, and lipid-lowering drugs were defined as having hypertension, diabetes mellitus and hyperlipidemia, respectively. The total number of consultations at this clinic during the study period was determined to calculate the expected prevalence of patients who showed high lipase or high p-amylase levels among the unknown-cause group; in this study we defined these patients as having 'mild functional pancreatic disorder'.
Subgroup Analysis among Patients with Investigated Dyspepsia
Some patients with chronic dyspepsia from both the unknown-cause group and known-cause group who had undergone upper gastrointestinal endoscopy or upper gastrointestinal tract imaging besides an US were further designated as the 'investigated dyspepsia' group [18] and further classified either as 'organic dyspepsia' of 'functional dyspepsia', according to the criteria of the 'known-cause group' and the 'unknown-cause group' (see 'Study Subjects'), respectively.
Statistical Analysis
The characteristics of the five groups ( fig. 1 ) are shown in table 1 . The median (and interquartile range) of age and triglyceride levels are shown as they are not in normal distribution. Then those characteristics were compared between the known-cause group and the unknown-cause group using the Student's unpaired t test, the Wilcoxon rank-sum test, or the 2 test. The mean serum lipase level, adjusted for sex, as well as age and creatinine level as continuous variables (which is known to influence serum lipase levels directly [19] ), was compared among the known-cause and unknown-cause groups, or among the organic and functional dyspepsia groups, using multiple linear regression models. The bootstrap method with 1,000 replications was used to derive a 95% confidence interval (CI) using the bias-corrected and accelerated method, which has been shown to be appropriate for the small sample size because of its high internal and external validity [20] . Odds ratios (ORs) for high lipase levels adjusted for age, b Data were derived from 258 patients under abdominal CT examination. TG = Triglyceride; HT = hypertension; DM = diabetes mellitus; HL = hyperlipidemia; pancreatic degeneration = calcification or atrophic change of pancreas.
sex, and creatinine were estimated using unconditional logistic regression models with 95% CIs. Fisher's exact method was used when the expected number was under 5 for any cells in the 2 ! 2 table. STATA version 9 (STATA Corp., College Station, Tex., USA) was used for these analyses.
Results
The characteristics of the study subjects, including their symptoms and the cause of dyspepsia, are shown in table 1 . There were no significant differences between the subgroups of known-cause and the unknown-cause of chronic dyspepsia in age, sex, LDL and HDL cholesterols, uric acid, iron, and the proportions of subjects with fatty liver, hypertension, diabetes mellitus and hyperlipidemia. However, the distributions of triglyceride levels were significantly different with Wilcoxon rank-sum test. The diameter of the CBD, the proportions of subjects with MPD dilatation and pancreatic degenerative changes were also not different between the two subgroups. The diagnosed causes of dyspepsia in the known-cause subgroup were gastritis (n = 17), gastric ulcer (n = 4), regurgitation (n = 3), duodenal ulcer (n = 3), enteritis (n = 2), and some less frequent causes (n = 9; gastric cancer, duodenitis, CBD stone, chronic hepatitis, gigantic hepatic cyst, colon cancer, irritable bowel syndrome, malignant lymphoma and angina pectoris).
The mean lipase and p-amylase levels and the proportions of patients with high lipase and high p-amylase among the three groups (n = 272) are shown in table 2 a, b.
The mean lipase level and proportion of high lipase level of the known-cause subgroup were similar to those of the no dyspepsia or acute dyspepsia group, while those in the unknown-cause subgroup were as high as those in the gallstone subgroup. The mean lipase level of the unknown-cause subgroup was significantly higher than that of the known-cause subgroup (mean 8 SD, 40.6 8 15.1 vs. 35.3 8 12.3 U/l, p = 0.029), and this difference was significant after adjustment for age, sex and creatinine [b (adjusted mean difference) = 6.0; 95% CI = 1.6- 10.4; p = 0.008]. The proportion of patients with high lipase (lipase higher than 50 U/l) was not significantly different (p = 0.156) between these subgroups. The mean p-amylase level and the proportion of patients with high p-amylase were also higher in the unknown-cause subgroup than in the known-cause subgroup, but the differences were smaller than those for lipase and not statistically significant (p = 0.074 for p-amylase, and p = 0.595 for high p-amylase) ( table 2 a, b). Based on the upper gastrointestinal endoscopy or upper gastrointestinal tract imaging, a higher mean lipase level was observed among patients with functional dyspepsia (derived from the unknown-cause subgroup) compared to patients with organic dyspepsia (derived from the known-cause subgroup) (mean 8 SD, 41.4 8 13.7 vs. 35.4 8 11.6 U/l, p = 0.045 after adjustment), and the proportion of patients with high lipase was also higher in the functional dyspepsia patients (22.7 vs. 10.0%, OR = 3.7 after adjustment, p = 0.260) ( table 3 ) .
The total number of consultations in this clinic from July 2006 to June 2007 was 1,213, and the expected prevalence of patients with 'mild functional pancreatic disorder' who showed high lipase or high p-amylase levels among the unknown-cause subgroup was calculated to be 3.0%.
Discussion
We have shown that patients with chronic dyspepsia without any explainable cause based on an US have higher lipase levels than those with a known cause. These higher lipase levels were also observed in the functional dyspepsia patients compared with the organic dyspepsia patients. We therefore suggest that mild functional pancreatic disorder may be the cause of chronic dyspepsia with an unknown cause in some cases.
A number of studies have documented abnormal pancreatic function in patients with dyspepsia [6] [7] [8] [9] [10] . Our study demonstrated that a lipase level above the reference range was observed in more than 20% of patients with chronic dyspepsia without any explainable cause, which is different compared to patients with dyspepsia due to a known cause (10%) based on the total and subgroup analysis. This result is consistent with a study that showed abnormal (either increased or decreased) pancreatic isoamylase levels in 20% of dyspepsia patients in primary care [9] .
Currently, there is no appropriate diagnostic name for patients with chronic dyspepsia and slightly increased pancreatic enzyme levels, hence we would like to introduce the term 'mild functional pancreatic disorder'. Chronic pancreatitis, with pancreatic insufficiency in many cases, requires morphologic changes for diagnosis. Functional disorders of the pancreas, however, should appear before structural abnormalities [10] . Endosonography can detect mild chronic pancreatitis [21] , but this diagnostic procedure is not routinely performed in general practice. Therefore probably many people have symptoms caused by 'mild functional pancreatic disorder' before structural changes can be detected by noninvasive radiographic examinations. This was demonstrated in this study as the diameter of the CBD, and the proportions of subjects with MPD dilatation and pancreatic degenerative changes were not different among patients with a known cause and unknown cause of chronic dyspepsia. Serum lipase elevation, on the other hand, had been reported to be 97% specific for diagnosing exocrine pancreatic insufficiency [22] , so it seems reasonable to check serum lipase level to diagnose pancreatic disorder in case of chronic dyspepsia.
The diagnosis of functional pancreatic sphincter of Oddi (SO) disorder is based on upper abdominal pain accompanied by elevated serum amylase and/or lipase [11] and can cause idiopathic recurrent pancreatitis in the ab- sence of any common cause of pancreatitis (such as alcohol intake or gallstones) [23] . The clinical presentations of the functional pancreatic SO disorder resemble those of our study patients. Although the surgical procedures such as total division of the SO is recommended for patients with severe pancreatic SO disorder, there are no adequate diagnostic procedures and treatments for patients with milder pancreatic SO disorder. The mild functional pancreatic disorder observed in our study might be related to mild type pancreatic SO dysfunction. This hypothesis is supported by the findings that more than half of the patients with pancreatic-type pain and elevated amylase or lipase showed increased pancreatic SO pressures [24] . The difference in serum lipase levels between the known-and unknown-cause subgroups was 5 U/l in our study. The method used in this study has very good repeatability and reproducibility [17] . In chronic pancreatitis one would suspect small elevations, and so a difference of 5 U/l for lipase in patients with chronic dyspepsia is clinically important as pancreatic dysfunction may be the cause of their symptoms. Otherwise lipase levels can also rise in other disorders, such as hepatobiliary disease, inflammatory bowel disease, and chronic renal failure [25] , which were excluded in this study. An additional study is needed to clarify pancreatic function in patients with dyspepsia of unknown cause.
The limitation of our study is that we lack information about Helicobacter pylori infection. Eradication of H. pylori infection showed a 14% reduction of functional dyspepsia compared with placebo [26] . However, most of our patients (elder Japanese) were expected to be infected with H. pylori , but routine H. pylori testing is not recommended in older patients with dyspepsia in primary care [27] .
For patients with functional dyspepsia it is recommended to consume low-fat meals and restrict coffee, alcohol and smoking to decrease the intensity of symptoms [12] . These recommendations are the same as those for patients with chronic pancreatitis. Compared with functional dyspepsia, cessation of fat consumption is not strongly recommended for gastric ulcer or gastritis. This supports a relationship between functional dyspepsia and pancreatic disorders. In this study, the physician's recommendation for cessation of fat intake in patients with chronic dyspepsia from an unknown cause could be a possible explanation for the lower triglyceride level in that group.
Conclusion
Our study demonstrated that serum lipase level was slightly but significantly higher in patients with chronic dyspepsia without any explainable cause than in those with chronic dyspepsia due to a known cause. Hence, mild functional pancreatic disorder may underlie the cause of dyspepsia in these cases.
